Neotoma fuscipes, the dusky-footed wood rat, is a morphologically diverse taxon with recognized intraspecific subdivisions that are based on both quantitative and qualitative morphology. Although there is substantial morphological variation within this taxon, intergradation among the various forms has been observed by previous workers. A recent survey of mitochondrial DNA revealed a high degree of molecular divergence within the taxon. Here, morphological, mitochondrial sequence, and nuclear microsatellite data are examined in a contact zone between 2 reciprocally monophyletic mitochondrial clades. On the basis of concordance of qualitative cranial, glans penes, and molecular characters, the 2 units appear to be genetically isolated from one another, leading to the elevation of N. macrotis to a species separate from N. fuscipes.
The study of contact zones between differentiated forms of organisms can provide exceptional ''windows into the evolutionary process'' (Harrison 1990) , not only in the examination of single character transitions but also in the degree of concordance among various character types. It is at these zones of contact that many processes generating or maintaining biotic diversity can be examined. Because different character sets provide views into different aspects of the diversification process, an integrated approach should provide the most insight with which to interpret process from pattern.
Contact zones have provided important insight into the nature of species boundaries among mammalian taxa (Patton 1993) ; such zones allow certain species concepts or criteria to be evaluated. Certainly, species criteria that are based on isolation or recognition mechanisms can be examined in such zones (Mayr 1940; Paterson 1985; Templeton 1989) . Likewise, the stability or persis-* Correspondent: matomarj@isu.edu tence of diagnosable characters or suites of characters can be examined (Cracraft 1983; Nixon and Wheeler 1990) . When diagnosable morphological or molecular characters (or both) appear to be relatively constant across broad geographic regions, it is often assumed that these lineages are independent evolutionary units. Examining whether levels of divergence that allow diagnosability are accompanied by mechanisms such as an inability to exchange genes, though, is fundamental to understanding the persistence of these lineages and critical in furthering our knowledge of the diversification process.
The current taxonomy of N. fuscipes recognizes 11 subspecies on the basis of variation in cranial morphology and pelage color (Hooper 1938) . On the basis of adult cranial morphology, Hooper (1938) identified 3 morphological units: group A-monochroura and fuscipes; group B-annectens, riparia, perplexa, and bullatior; group C-streatori, simplex, luciana, macrotis, FIG. 1.-Distribution of the dusky-footed wood rat, Neotoma fuscipes (modified from Hall 1981) . Rectangle represents focal range of current study, shown in greater detail in Fig. 2 . Stippled, gray, and hatched areas show distribution of 3 morphologically distinct subspecies groups of N. fuscipes (Hooper 1938) : stippled, group A; gray, group B; hatched, group C. Numbers indicate ranges of subspecies. 1, monochroura; 2, fuscipes; 3, streatori; 4, annectens; 5, perplexa; 6, riparia; 7, luciana; 8, bullatior; 9, simplex; 10, macrotis; 11, martirensis. Phylogenetic relationships of 2 major clades (I and II) are shown along with 4 subclades (Northern, West Central, East Central, and Southern; based on combined data from cytochrome b and control region -Matocq 2002) . Clade I and clade II haplotypes meet in the mid-Sierras, indicated by the heavy line through the range of N. f. streatori, see text for details. SB ϭ San Francisco Bay; MB ϭ Monterey Bay; CV ϭ Central Valley; SN ϭ Sierra Nevada. Goldman (1910) and Hooper (1938) . Goldman (1910 ) Hooper (1938 N. fuscipes N. f. fuscipes N. f. monochroura N. f. macrotis N. f. macrotis N. f. luciana N. f. martirensis N. f. annectens N. f. annectens N. f. riparia N. f. perplexa N. f. bullatior N. f. simplex N. f. mohavensis N. f. streatori N. f. simplex N. f. streatori and martirensis. Group A is restricted to northern California and Oregon; group B extends south of San Francisco Bay to Monterey Bay and through the inner Coast Ranges; group C extends throughout the Sierra Nevada, the south Coast Ranges, southern California, and Baja California (Fig. 1) . Although Hooper recognized substantial morphological differences among these groups, he identified intergradation between groups A and C in the northern Sierra Nevada and between groups B and C in the Monterey Bay-Salinas Valley region. Groups A and B are separated by the San Francisco Bay and Sacramento-San Joaquin Delta, precluding any potential ongoing intergradation (Hooper 1938) .
Before Hooper, Goldman (1910) had revised the genus Neotoma and recognized only 6 subspecies of N. fuscipes (Table 1) the two forms are quite distinct. (Goldman 1910:88) Thus, both Goldman and Hooper recognized intergradation throughout the range but Goldman identified a break in the Monterey-Salinas Valley region of coastal California. Matocq (2002) recently showed that there are 2 well-supported mitochondrial DNA (mtDNA) clades within N. fuscipes (clades I and II; Fig. 1 ) that are separated by an average divergence of 10.92% in cytochrome-b sequence. The 2 major clades can be further subdivided into well-supported subclades of the northern, west central, southern, and east central regions (Fig.  1) . The Northern, West Central, and Southern plus East Central Clades are largely concordant with Hooper's (1938) morphological subdivisions A, B, and C, respectively (Matocq 2002) . On the basis of relatively rough geographic sampling, these mitochondrial clades also appear to be geographically allopatric. Such patterns of deep mitochondrial divergence with allopatric distributions are common in small mammals (Avise 2000 and references therein) and are likely caused by long periods of isolation due to extrinsic barriers (Avise 2000; Hayes and Harrison 1992) . In N. fuscipes, these periods of isolation appear to have been long enough to result not only in reciprocal monophyly of mitochondrial clades, but also in substantial morphological differentiation. When previously isolated lineages such as these come into contact, these zones may be characterized by differing degrees of hybridization, introgression, or complete isolation (Ruedi et al. 1997; Wake 1997) . To evaluate the degree of morphological and genetic intergradation among subdivisions within N. fuscipes, morphological and molecular characters were examined in the Monterey Bay-Salinas Valley region where 2 distinct morphological and mitochondrial groups come into proximity of one another. This is the region where Goldman (1910) described a ''break'' in the continuity of characters between N. f. annectens and N. f. macrotis but where Hooper (1938) observed intergradation between groups B and C (Figs. 1 and 2). Using museum specimens and recently collected material, geographic distribution and degree of concordance among morphological, mitochondrial, and nuclear microsatellite characters were examined.
MATERIALS AND METHODS
Individuals from localities in the southern Salinas Valley, Santa Lucia and Diablo Ranges were included in this study; locality numbers and sites are shown in Fig. 2 . Hooper (1938) identified ''intergrade'' individuals between groups B and C near Camp Ord, Jolon, and San Ardo (localities 1, 5, and 7; Fig. 2 ). In addition, 2 samples collected in the Camp Roberts area (near localities 9 and 10; Fig. 2 Morphological samples (n ϭ 125) were available from all localities ( Fig. 2; Appendix I ). An additional 8 individuals collected at various localities throughout the Camp Roberts Military Reservation (near localities 9 and 10; Fig. 2 ) were also examined. Samples for genetic analyses were available from localities 2, 4, 6, 9, 10, 12, 13, 17 ( Fig. 2 ; Appendix I) and for 3 of the individuals collected throughout Camp Roberts.
Morphological Analysis
Mensural characters.-Eleven cranial measurements were taken from 128 individuals using digital calipers. Six measurements were taken as illustrated by Hooper (1938) : breadth of rostrum, interorbital breadth, length of palatal bridge, length of molar row, zygomatic breadth, and basilar length. The remaining measurements were taken as follows: depth of rostrum-in line with suture of premaxilla and maxilla; length of nasals-as described by Birney (1973) ; occipital breadth-width of skull taken at plane of the posterior-most extension of mastoid processes; bullar length-taken from jugular foramen to anteriormost portion of bulla in line with midpoint of the alisphenoid canal; width of interpterygoid fossa at widest point.
Individuals were placed in age classes according to degree of upper molar eruption. Age classes were defined as follows: I, 3rd molar erupted but not showing signs of wear; II, all molars erupted and showing wear but base of molars not yet apparent above maxilla; III, base of enamel folds apparent above maxilla with folds constituting Ͼ50% height of molars; and IV, base of enamel folds apparent above maxilla with folds constituting Ͻ50% height of molars. Analyses were restricted to individuals in age classes II, III, IV.
Univariate analyses were performed in STAT-VIEW 4.51 (Abacus Concepts 1995) to identify significant differences among age classes recognized here. Age class II was significantly different from age classes III or IV (or both) in 7 of the 11 characters examined here (analysis of variance-ANOVA, P Ͻ 0.05). Age classes III and IV differed only in zygomatic breadth (P Ͻ 0.05). On the basis of these results, age classes III and IV were combined and analyzed separately from age class II. Sex was not found to be a significant factor (ANOVA, P Ͼ 0.05) in either age class; therefore, sexes were not separated in the following analysis.
Reference samples for group B and group C individuals included the following. Age class II: group B-locality 11, n ϭ 3; locality 13, n ϭ 6; locality 14, n ϭ 3; group C-locality 2, n ϭ 9; locality 17, n ϭ 4. Age class III and IV: group B-locality 11, n ϭ 4; locality 13, n ϭ 3; locality 14, n ϭ 2; locality 15, n ϭ 5; group Clocality 2, n ϭ 8; locality 16, n ϭ 1; locality 17, n ϭ 2. Given the relative geographic position of groups examined here, the group B reference sample will be referred to as ''inland'' and the group C reference sample will be referred to as ''coastal.'' Discriminant analysis was performed in STATISTICA (StatSoft 1995) to establish a model by which groups could be distinguished. Potential contact area (nonreference) individuals were classified according to the classification function that resulted from the initial discriminant analysis. There were 30 nonreference samples in age class II and 48 in age class III-IV. Posterior probabilities and canonical (discriminant) scores were calculated for each case.
Qualitative cranial characters. -Hooper (1938) recognized substantive differences between individuals of groups B and C. Group B is described as having a narrow, long interpterygoid fossa; posterior outline of the palatal bridge convex, often prolonged into a heavy, median projection; incisive foramen approximately equal in length to the palatal bridge; and large auditory bullae. Group C is described as having the interpterygoid fossa wide and spatulate; posterior outline of the palatal bridge most often concave; palatal bridge appearing much shorter than incisive foramen; auditory bullae small. Many of these features were taken into account in the mensural analysis by measuring, for example, width of the interpterygoid fossa. The posterior margin of the palatal bridge proved to be highly variable and discrete character states were difficult to identify. However, 2 additional qualitative cranial features were identified for which all individuals were scored. The 1st character concerns the width of the presphenoid relative to the basisphenoid (Figs. 3A-C). Three conditions were apparent: (1) sphenoid rapidly becoming extremely narrow anterior to suture between the pre-and basisphenoids, much less than 50% width of basisphenoid; (2) presphenoid Ͻ50% width of basisphenoid; (3) presphenoid nearly equal to width of ventral surface of basisphenoid (often with a dorsal expansion of the basisphenoid). The 2nd character concerns size of the vomer and presence of a maxillovomerine notch (Anderson 1969; Finley 1958) . Three states were apparent when the vomer was viewed posteriorly through the incisive foramen (Figs. 3D-F): (1) vomer large, extending ventrally to touching or nearly touching maxilla and posteriorly to approximately end of 1st molar; (2) similar to condition 1 except that maxillovomerine notch is more open in mid to posterior region; (3) vomer small, posterior margin not extending past incisive foramen. In conditions 1 and 2, the posterior end of the vomer is not visible through the incisive foramen, whereas it is readily visible in condition 3. No skulls were dissected to view the posterior margin of the vomer for conditions 1 and 2, but using a probe inserted under the posterior end of the palatal bridge, extension of the vomer was approximately determined.
Glans penes.-The extreme variation in glans morphology found in Neotoma was first described by Hooper (1960) and has been a useful character in the study of higher-level relationships (Carleton 1980; Hooper and Musser 1964) and species-level distinctions (Mascarello 1978) . Phalli examined in this study were either fixed in formalin from fresh specimens or reconstituted from dried specimens following the protocol described by Lidicker (1960) . The external morphology of 26 phalli was examined (Appendix I).
Genetic Analysis
Mitochondrial DNA.-A 544 base-pair fragment of the mitochondrial control region was sequenced for 66 individuals according to methods described in Matocq (2002) . The model of DNA substitution that best fit the control region data was determined using a hierarchical-likelihood ratio test as implemented in the program MODELTEST 1.03 (Posada and Crandall 1998) . The model chosen for the control region was the Hasegawa et al. (1985) model of substitution (denoted HKY) including consideration of rate heterogeneity across sites (⌫) and invariant sites (I). Relationships among control-region haplotypes were reconstructed using the neighborjoining algorithm under the HKY ϩ ⌫ ϩ I model of evolution (␣ ϭ 0.6040; p inv ϭ 0.4706; transition : transversion ratio ϭ 3.7397) using PAUP* 4.0b8 (Swofford 1998) . Support for haplotype relationships was evaluated using a neighborjoining bootstrap analysis (1,000 replicates) as implemented in PAUP*. Designated outgroup taxa were N. albigula, N. cinerea, and N. lepida. Exemplars of the 2 major clades previously described in N. fuscipes (Matocq 2002) were also included in the analysis.
Microsatellites.-Individual genotypes were determined at 3 nuclear microsatellite loci (Nfu1, Nfu2, and Nfu4) following methods described by Matocq (2001) . These loci were chosen because preliminary analyses of allele distribution suggested they would provide the greatest opportunity of finding diagnostic alleles for each morphotype. Gene diversity (expected heterozygosity, H E ) and its variance were estimated using equations 8.5 and 8.12 of Nei (1987) as imple- mented in the software package ARLEQUIN ver. 1.1 (Schneider et al. 1997) . Deviations from Hardy-Weinberg equilibrium were evaluated using a modified version of Fisher's exact test (Guo and Thompson 1992) as implemented in ARLEQUIN. Linkage disequilibrium among loci within populations was evaluated using the likelihood-ratio test described by Slatkin and Excoffier (1996) .
An assignment test was performed to classify nonreference individuals as either coastal or inland on the basis of their microsatellite genotype. This procedure assigns an individual to the population in which its genotype is most likely (Paetkau et al. 1995) . This method and other likelihood-based approaches (Rannala and Mountain 1997) calculate allelic frequencies in the reference populations, then calculate the likelihood of the individual's genotype occurring in each population, and, finally, assigns the individual to the population in which its genotype has the highest likelihood (Cornuet et al. 1999; Paetkau et al. 1995) . The reference population for the coastal group included individuals from locality 2 (n ϭ 30), whereas the inland reference consisted of individuals from the Estrella River drainage (n ϭ 20, localities 12 and 13); all the individuals had been categorized as purely coastal or purely inland, on the basis of morphological and mitochondrial data. Samples from localities 12 and 13 were not significantly different from one another on the basis of a measure of population subdivision (R ST , P Ͼ 0.05). A total of 30 individuals from localities 4, 6, 9, 10, and near 9 and 10 were tested using the Bayesian method (Rannala and Mountain 1997) as implemented in the GENECLASS program (Cornuet et al. 1999) . Assignment of reference individuals to the appropriate population was tested using the ''leave one out'' option, which removes the individual in question before calculation of allelic frequencies within populations. Individuals were assigned to populations with the ''direct'' option, which simply assigns the individual to the reference population in which its genotype is most likely. To explore the probability that the assigned population is the true source population, GENECLASS implements a simulation procedure that generates a large number of genotypes based on of the allele frequencies of the reference population and determines whether nonreference individuals fall outside this distribution relative to actual reference individuals (Cornuet et al. 1999) .
RESULTS

Morphological Analysis
Mensural characters.-The age class II model used 7 of the 11 characters to discriminate between groups (Table 2) . Overall FIG. 4 .-Distribution of discriminant scores for 2 groups, age class II (above) and III-IV (below). Stippled and hatched blocks represent inland and coastal reference samples (localities 2, 11, 13, 14, 15, 16, and 17); gray blocks, nonreference individuals included in DNA analysis (localities 4, 6, 9, 10, and 12); black blocks, localities from which Hooper (1938) identified intermediate individuals (localities 1, 5, and 7); and white blocks, specimens from Salinas Valley area, many examined by Hooper (1938) and not determined to be intermediate (localities 3, 8 and near localities 9 and 10 throughout the Camp Roberts Military Reservation). Identified individuals discussed in the text.
Wilks' lambda was 0.019 with zygomatic breadth, bullar length, depth of rostrum, and width of the interpterygoid fossa having the highest discriminatory powers (partial Wilks' lambdas ϭ 0.230-0.439). The model for age class III-IV included 4 variables ( Table 2 ) with width of the interpterygoid fossa being the most powerful discriminatory character (partial Wilks' lambda ϭ 0.218).
As a whole, zygomatic breadth, width of the interpterygoid fossa, bullar length, and either width or depth of the rostrum had the greatest discriminatory power for any age class (Table 2 ). Mean discriminant score for reference coastal individuals of age class II was 4.81 (range, 3.25-6.99), whereas for age class III-IV mean score was 6.23 (4.38, 8.21; Table 2 , Fig. 4 ). Mean discriminant score for reference inland individuals in age class II was Ϫ9.63 (Ϫ13.56, Ϫ7.02) and Ϫ6.00 (Ϫ8.38, Ϫ3.41) for age class III-IV. Of the 30 nonreference age class II specimens, 28 could be assigned to either of the 2 groups with posterior probability of P Ͼ 0.999. Two individuals could not be included in the analysis because of missing data from cranial damage. All 48 nonreference individuals of age class III-IV were assigned to a group with posterior probability of P Ͼ 0.999. The nonreference individuals that were classified as members of the inland group (n ϭ 20) fell into the range of variability seen in the original reference sample (Fig. 4) . However, individuals assigned to the coastal group (n ϭ 56) shift the mean of the original reference samples toward the center of the distribution (unpaired t-test: age class II, P ϭ 0.084; age class III-IV, P ϭ 0.006).
The distribution of coastal and inland individuals by locality is shown in Table 3 where individuals of all age classes are combined. All sampling localities were composed of either exclusively coastal or exclusively inland individuals with the exception of locality 3. Two individuals were sampled 1.25 km south of San Lucas during the same trapping effort (R. Hunt field notes, 1919). In the current analysis, 1 of these specimens (MVZ 30192, Fig. 4 ) was classified as inland, whereas the other (MVZ 30191) was classified as coastal along with all other samples from near San Lucas.
Qualitative cranial characters.- Table 3 shows the number of occurrences of each character state for both the vomer and junction of the presphenoid and basisphenoid in various localities. In examination of the vo- 
a Genetic data generated as part of an ongoing demographic study and not from the same individuals included in the morphological analysis.
b Skull damage did not allow mensural classification of at least one individual. c Damage to the presphenoid did not allow character state identification in one individual.
mer, condition 1 appeared to have the greatest variability; some individuals had slightly larger maxillovomerine notches than others, but notches were not large enough to be categorized as condition 2 or to create a new category. Likewise, some individuals from localities 10, 12, 13, and 14 had a vomer that extended slightly more posteriorly, yet again, this did not seem to warrant a new category. On the whole, the distinction between vomer states 1 and 2 is not nearly as striking as the difference between these 2 states and character state 3. Character states 1 and 2 of both qualitative cranial features co-occur at numerous localities but never with character state 3 ( Table 3) . Condition of the vomer and relative sizes of the pre-and basisphenoids where these bones meet were highly correlated with each other and with the designation of either coastal or inland individuals on the basis of mensural characters. Individuals that had been classified as coastal on the basis of mensural characters had large vomers (conditions 1 or 2) and a thin presphenoid relative to the basisphenoid (condition 1 or 2). Individuals that had been classified as inland on the basis of mensural characters had a small vomer (condition 3) and a presphenoid equal or nearly equal to the basisphenoid in width (condition 3). Eight individuals included in the morphological analysis are not shown in Table 3 because they were collected at various localities throughout the Camp Roberts area (near localities 9 and 10). All 8 individuals were consistent with the aforementioned combination of morphological characters; 7 were coastal types and 1 was an inland type. The only exception to this pattern was individual MVZ 30192 (locality 3) which was classified as inland on the basis of mensural characters and yet had a large vomer (condition 1) and a narrow presphenoid relative to the basisphenoid (condition 2), characteristic of coastal samples.
Glans penes. -Hooper (1960:9) described the phallus of N. fuscipes (Fig. 5A) as ''an elegant, flower-like structure unlike that of any other woodrat'' on the basis of a specimen from 1 mile (1.6 km) NW of Big Sur, Monterey County, California, another from Monterey County (specific locality unknown), and a 3rd from San Diego County, California. The short, lobed ''flower-like'' morphology described by Hooper (1960) was found to characterize many individuals included in this study. However, a second phallus morphology (''oblong'', Fig. 5B ) was found in several individuals.
In general morphology, the oblong phallus is similar to that found in many species of Neotoma and other muroid rodents (Hooper 1960; Hooper and Musser 1964) . Much of the external surface is covered in short, sharp spines with the exception of the basal one-fourth and the tip. A ventral raphe extends to the base of the tip where a deep fold separates the tip from the ventral and lateral portions of the shaft. The glans terminates with a ventrally located urethral flap.
Distribution of glans morphology is highly correlated with the other morphological characters examined here. Without exception, males with the flower-like glans had been categorized as coastal, whereas males with an oblong glans had been categorized as inland on the basis of mensural and qualitative characters (Table 3) . Beyond the focal region of this study, the flowerlike morphology characterizes individuals throughout southern California, including the Mojave Desert and also central and southern Sierra Nevada (concordant with mtDNA clade II). The oblong morphology is characteristic of animals sampled from northern California, the San Francisco Bay Area, and throughout the Inland Range (apparently concordant with mtDNA clade I).
Although bacular morphology was not studied in detail here, in cleared and stained specimens, the baculum associated with the oblong phallus is much larger than that of the flower-like phallus but fairly similar in shape. A bacular length of 5.02-5.50 mm was reported by Burt and Barkalow (1942) for specimens of N. f. annectens, whereas Hooper (1960) reported a value of 2.0 mm for individuals from coastal southern California. The phallus examined by Burt and Barkalow (1942) was likely the oblong type described here, whereas the small baculum described by Hooper (1960) is associated with the flower-like phallus.
Genetic Analysis
Mitochondrial DNA.-Twenty-six unique haplotypes were found among the 66 individuals examined here (GenBank numbers AY053577-AY053642). Thirteen gaps were inserted to maintain sequence alignment. Gaps were considered missing data in the phylogenetic analysis. All haplotypes found in the current study were closely related to other haplotypes previously found in clades I and II (Matocq 2002 ; Fig. 6 ). There was an average sequence divergence (maximumlikelihood corrected distance) of 11.9% (range, 9.1-14.9) between clade I and II haplotypes found in the current study. Clade I haplotypes differed by an average of 1.7% FIG. 6 .-Neighbor-joining tree showing control region haplotype relationships of 66 contact zone individuals. All haplotypes found in this study are part of clade I or clade II as previously identified in Neotoma fuscipes (Matocq 2002) . Support found in more than 50% of 1,000 bootstrap replicates are shown for the major clades. Numbers indicate population (locality); squares indicate inland morphology; circles indicate coastal morphology. Morphology of individuals from population 2 was not examined because they were part of an ongoing demographic study; however, other specimens examined from this locality have a coastal morphology.
(0.2-3.8%), whereas clade II haplotypes differed by an average of 2.9% (0.2-5.9%).
All individuals classified as inland on the basis of morphology possessed a clade I mitochondrial haplotype ( Fig. 6; Table 3 ). Likewise, all but 1 individual identified as having a coastal morphology possessed a clade II haplotype ( Fig. 3; Table 3 ). The exception was an individual (MVZ 196540) from locality 9 that was classified as coastal on the basis of mensural data, qualitative cranial features, and glans morphology but possessed a clade I haplotype. The mitochondrial haplotype of this individual was verified by extracting DNA and sequencing from the liver sample twice and by taking a skin sample directly from the dried skin.
The majority of haplotypes were unique to individual populations with the exception of 1 clade II haplotype that was shared between localities 2, 9, and 17 and a clade I haplotype shared between locality 13 and the otherwise-coastal individual (MVZ 196540) described previously. Although most haplotypes are unique to individual populations, few populations appear to be monophyletic with the exception of locality 4, which is fixed for a single haplotype (Fig. 6 ). This would suggest recent gene flow among coastal populations and among inland populations with subsequent, relatively rapid, sorting of alleles. There appears to be no gene flow between coastal and inland populations.
Microsatellites.-All populations conformed to Hardy-Weinberg equilibrium expectations (P Ͼ 0.05) with the exception of locality 2 at the Nfu2 locus (P ϭ 0.03), which exhibited an excess of homozygotes suggestive of a null allele. In addition, several individuals from locality 17 did not produce any amplified product for locus Nfu2, again, suggesting the presence of a null allele. Hardy-Weinberg equilibrium is an assumption in both the Bayesian and frequency methods of assignment, but the effect of null alleles on these methods have not been fully explored (Cornuet et al. 1999) . In preliminary tests, Cornuet et al. 1999) found that even with the presence of null alleles, likelihood-based methods of assignment out-performed other methods. Two populations showed significant linkage between loci (P ϭ 0.035 and 0.044), but with Bonferroni correction no tests for disequilibrium were significant. The majority of populations are characterized by several low frequency alleles (Tables 4-6 ). Of the 55 alleles at 3 loci, 19 (35%) are restricted to a single locality, 16 (29%) are found in Ͼ1 locality but appear to be restricted to either morphogroup, and 20 (36%) are found throughout the region.
On the basis of direct assignments, all reference individuals were correctly classified as either coastal or inland types using microsatellite genotypes. On the basis of simulated reference populations, 41 (82%) were correctly classified and 9 (18%) could not be classified as belonging to either population. Using direct assignments, of the 30 nonreference cases, 27 (90%) were classified to the reference population that would be expected on the basis of their morphological traits. The remaining 3 (10%) individuals had a coastal morphology but were classified as inland on the basis of their nuclear genotype. The ''nonconcordant'' individuals were distributed as follows: lo- (Fig. 4) . It should be noted that 1 of the 3 nonconcordant individuals had missing data at 1 locus. Only 20% of the nonreference assignments were considered probable (0.01 level) by simulation. This result could be due to several factors including divergence of the designated reference populations from the nonreference populations. This is likely to be the case because these assignment methods were originally developed to assign individuals to their immediate source or parent populations (Paetkau et al. 1995; Rannala and Mountain 1997) . Furthermore, given the amount of time the 2 groups appear to have been isolated, on the basis of mtDNA data, there is likely to be a high degree of size homoplasy in the microsatellite data set (Garza et al. 1995; Nauta and Weissing 1996) . Given the potential for size homoplasy to confound the correct assignment of individuals to either coastal or inland groups, the degree to which the direct assignments agree with the other data sets is striking.
DISCUSSION
Based on evaluation of mensural characters in a set of reference samples, there appears to be a strong distinction between coastal and inland groups. Nonreference individuals from the surrounding region can be confidently classified as members of 1 group or the other. Moreover, qualitative characteristics of the skull and glans penes are specific to each group and represent degrees of differentiation characteristic of species-level distinctions within the genus (Anderson 1969; Birney 1973; Hayes and Richmond 1993; Hooper 1960) . Each group is also characterized by mitochondrial haplotypes that fall into 2 highly divergent clades, I and II. The degree of mitochondrial divergence between clades I and II is comparable to that seen among other species of Neotoma Hayes and Harrison 1992) . Finally, even with the high degree of size homoplasy that likely characterizes the microsatellite data set, there are unique nuclear genotypes that are associated with each group. The group referred to as coastal in this analysis corresponds to a portion of Hooper's group C and to Goldman's N. f. macrotis. On the whole, members of this group have a large vomer, narrow presphenoid relative to the basisphenoid, a ''flower-like'' glans morphology, and a clade II mtDNA haplotype. Members of the inland group correspond to a portion of Hooper's group B and Goldman's N. f. annectens and are characterized by a small vomer, a presphenoid approximately equal in breadth to the basisphenoid, an oblong glans morphology, and a clade I haplotype. In general, then, the degree of introgression of characters across group ''boundaries'' appears to be low to nonexistent. This finding supports Goldman's (1910) conclusion of a lack of intergradation in this region but is in contrast to Hooper's (1938) findings.
In the mensural analysis, though, several nonreference individuals fall toward the center of the distribution of discriminant scores, making the distinction between groups based on the range of these scores less apparent. The shift in mean discriminant score of coastal morphotypes toward the center of the distribution could be attributed to several things. First, the initial reference sample is relatively small and, thus, may reflect only a small portion of the total variation throughout the region. On the basis of qualitative cranial characters, the coastal group seems more variable than the inland group. If the shift in discriminant scores is only caused by increased variation with sample size, though, we would expect to see a similar increase on both ends of the distribution. On the other hand, the reference samples may represent 1 extreme of the total variation. In this case, the coastal reference localities in the Santa Lucia Range would represent something of a morphological extreme, and as one moves into the borders of the Salinas Valley, there is a shift in average mensural score and coastal and inland groups appear to partly converge. Birney (1973) and Mascarello (1978) observed a similar pattern wherein as sampling points of otherwise distinct groups came closer in geographic proximity, there was less distinction between groups in quantitative measurements. Both authors argue that this pattern is likely because of greater similarity in environmental characteristics of nearby sampling locales. In the current analysis, though, there is no clear geographic trend in the sense that individuals from a single locality can fall on opposite ends of the discriminant score distribution within a morphotype. Another explanation for the apparent convergence in mensural characters of groups where they come into proximity of one another is that there is a region of intergradation or hybridization between these otherwise distinct groups. Such a hypothesis would be supported if there were evidence of a breakup of the suite of traits that appear to characterize each group.
On the whole, the general suite of characters that are associated with the 2 groups studied here remains consistent, but on the basis of morphology alone, or morphological and genetic data, a few individuals appear to stand as exceptions. The 1st is a specimen (MVZ 30192) that is characterized by otherwise coastal cranial qualitative traits but on the basis of mensural data is classified as an inland individual. The discriminant score (Ϫ2.17) of this individual of age class III-IV is closer to the center of the distribution when compared with other inland individuals (Fig. 4) . The slightly intermediate score for this individual and its classification as an inland form although its qualitative traits are consistent with those of the coastal form suggest that it may be of hybrid origin. The 2nd individual that appears to be an exception is also in age class III-IV (MVZ 196540) . In all morphological traits including phallus type and on the basis of its nuclear genotype, this individual is a coastal form, yet its mtDNA haplotype is part of clade I that is otherwise characteristic of inland forms. MVZ 196540 falls into an intermediate category on the basis of discriminant score (1.99; Fig. 4 ). MVZ 196540 is likely of hybrid origin, on the basis of morphological and mtDNA evidence, and the fact that its discriminant score falls into a somewhat intermediate category (Ϫ2.5 through 2.5) suggests that other individuals who have intermediate scores may also be of hybrid origin. In fact, MVZ 196524 (age class III-IV) and MVZ 196531 (age class II), which were categorized as coastal types on the basis of morphology and mtDNA but as inland on the basis of their nuclear genotype also fall in the central portions of the distributions for each age class (Fig. 4) . The remaining individual (MVZ 196530 ) that was otherwise a coastal form but classified as inland on the basis of its nuclear genotype falls far from the center on the basis of discriminant score (Fig. 4) . However, data for 1 nuclear locus was missing for this individual; therefore, its classification is questionable.
From evidence provided by MVZ 196540 and perhaps by MVZ 196524 and MVZ 196531 , it does appear that coastal and inland forms can interbreed. The question then becomes, does this interbreeding lead to significant introgression into each group? There is little if any evidence of introgression of characters beyond what is likely the immediate contact area in the southern Salinas Valley near localities 4, 6, 9, and 10. If hybrid production were limited to the F1 generation, then the 2 groups would be genetically, if not reproductively, isolated (Patton et al. 1979) . Given the available data set, it is not possible to evaluate whether MVZ 196540, MVZ 196524, and MVZ 196531 are of the F1 generation or if they are the result of multiple backcrosses. In general, on the basis of discriminant score alone, one could expect an F1 individual to appear intermediate between the 2 parental forms and that only backcrosses with parental forms would result in individuals such as MVZ 196540 that appear to be morphologically more similar to 1 type, but have the mtDNA haplotype of another. However, because the mensural traits examined here are likely controlled by many genetic loci or effects at any single locus may not be additive, it is difficult to predict the discriminant score of an F1 individual on the basis of the parental forms. As pointed out by Birney (1973) , scores of known F1 individuals should be examined as ''controls'' of where such individuals would fall in the distribution. In crosses between N. floridana attwateri and N. micropus canescens, known F1 individuals had a range of discriminant scores; some intermediate between the parental forms, most on the central flanks of the N. m. canescens distribution and 1 indistinguishable from a pure N. m. canescens. That is, although F1 individuals are generally expected to be intermediate between the parental forms, they can often be much more similar to 1 parent than the other in terms of discriminant score. Without further evidence from known hybrid individuals or more diagnostic nuclear loci, the status of these few potential hybrids remains uncertain. Nonetheless, if the current sample of individuals for which there is good evidence of hybridization is representative of the amount of ongoing hybridization, the level appears low.
TAXONOMIC IMPLICATIONS
Despite the substantial morphological and mitochondrial divergence between the 2 groups examined here, there is limited evidence indicating that they maintain the ability to interbreed. The ability to interbreed is an ancestral characteristic (McKitrick and Zink 1988) that is fairly uncorrelated with other measures of divergence in some groups (Patton 1980; Prager and Wilson 1975) . Furthermore, a retained ability to interbreed may have no effect on the evolutionary trajectories of these groups. Of particular importance is whether the degree of interbreeding between the groups is homogenizing the characteristics of these lineages. If the sample examined here, especially those individuals for which there is both morphological and genetic data, is representative of the actual amount of hybridization and introgression between the 2 groups, they do appear to be genetically isolated from one another and, therefore, represent independent evolutionary lineages.
If the taxonomy of this group is to reflect evolutionarily distinct lineages, then on the basis of the evidence presented here, revision of the taxonomy is necessary (Fig. 7) . The type locality of N. fuscipes is Petaluma, Sonoma County, California, geographically within the range of clade I; therefore, this clade should maintain this name. Members of clade II should be recognized as N. macrotis, the earliest name available (Thomas 1893 ; type locality San Diego, San Diego County, California). The recognition of these 2 species is not supported by Goldman (1910) and Hooper's (1938) finding of intergradation in the northern Sierra Nevada. However, Goldman (1910) had a limited number of samples from throughout the northern Sierran region and Hooper (1938) may have been misled by transitions in single mensural characters as is likely the case in the focal region of this study. Preliminary analysis of qualitative cranial characters in specimens from the Sierra Nevada suggests there is an abrupt transition in morphological characters that may be concordant with a similar transition in mitochondrial haplotypes (heavy bar in the midSierra Nevada in Fig. 1-Matocq 2002) .
In summary, within the geographic region studied here, there are strongly correlated differences in both morphological and genetic characters within what has been considered a single species. The large degree of morphological and mitochondrial divergence between the units examined here appears to be accompanied by genetic isolation, if not complete reproductive isolation, leading to the conclusion that these lineages are independent evolutionary units. On the basis of these findings, it is recommended that N. macrotis be recognized as distinct from N. fuscipes.
It remains to be seen if other subdivisions within the N. fuscipes complex should be recognized as distinct species. The approach taken here will continue to provide insight into the genetic dynamics between lineages within the complex. This work will establish the basis for further examination of ecological and behavioral characteristics that mediate interactions between members of these lineages. Especially interesting is the opportunity that this system provides to examine another point of contact between the lineages studied here, as well as between lineages that are incrementally less divergent from one another. Thus, the N. fuscipes complex provides an ideal arena in which to examine how the diversification process is influenced by ecological and demographic factors as well as by historical contingencies such as long term periods of isolation.
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